Abstract. This paper takes the flame tube of heavy duty gas turbine with a specific wall thickness of 4.78mm conical cylinder as the researching object, combining with the structure characteristic and material characteristic of the flame tube, carries on the technological analysis to the annular groove turning of the heavy duty gas wheel flame tube. According to the actual working conditions, the machining method of annular grooves in turning is improved, so that the processing cost of annular grooves in flame tubes is greatly reduced, which can be used for reference in actual production.
Introduction
In March 2003, the introduction of heavy gas turbines such as grade F and grade E, organized by the National Development and Reform Commission, has promoted the industrial development of domestic gas turbines, but there is a big gap between the imported engines and the international advanced level. And the cost of main spare parts for a set of gas turbine with the usage age of 3-5 years, which is equivalent to 40-50 percent of the purchase amount of equipment, of which the purchase cost of hot channel parts is 80 percent. There are about 50,000 industrial gas turbines used in the world now, so the market demand for heat channel components is very great [1] . This puts forward new requirements for manufacture cycle and quality of products. Flame tube is one of the main components of hot passage. The key to process improvement is to make reasonable processing technology, to control the cost of manufacture and to avoid the phenomenon of "beating knife" in the turning process.
Product Structure
The thin-walled cone flame-tube of heavy gas turbine flame cylinder with thickness of 4.78 mm is the researching object of this paper. The thin wall cone tube, which consists of straight flat surface, annular groove, conical surface, and so on, is a complicated thin-walled part, as shown in figure 1 . The small end diameter of the flame tube is Φ 311.15 0.5 mm and the length is Φ 665.89 2.5 mm. It is a workpiece with large length and diameter. On the other hand, the workpiece material is nickel-based superalloy N263, which belongs to the class of superalloy. The main composition of the material is chromium and molybdenum solid solution strengthening, a kind of nickel-based superalloy with high iron content. Its thermal conductivity is very low, and the plastic deformation is large during cutting. This makes a lot of problems to the parts clamping and processing [2] [3] . Figure 1 . A diagram of a heavy duty gas turbine flame tube.
Current Process Analysis

Processing Preparation
The main tasks of the turning process of this product are the processing of the length and size of the flame tube, the machining of the outer circle straight table surface, the cone surface processing, the cone surface longitudinal groove processing, the straight platform profile longitudinal groove processing, etc. The processing equipment is CKQ61125, the workpiece belongs to thin wall and the large aspect ratio, so the clamping mode of one clip and one workpiece center is adopted to install the center of the workpiece. Because of the conical longitudinal groove, the groove shape of the vertical slot of the straight table is more complicated when the cutting tool is selected, the cutting tool is made with a pentagonal blade customized by a certain cutter to satisfying the batch machining, as shown in figure 2. When the length dimension is processed, the machine clamped round cutter is selected. The outer circle is straight, the cone is processed with 93 °outer circle machine clamping tool, and the blade shape is rhombus 35 °. 
Knife-walking Route
The medium batch production of 5 mm thick cone blank and the cutting path of flame cylinder are introduced in this paper. First step, the small diameter end surface of the flame tube is processed with the clamped external circular groove cutter, and then the large diameter end surface is processed. The length and total length of large straight table should be ensured when machining. The processed workpiece needs to be measured and tested with the length template, as shown in figure 3 . Second step, the cone surface of the flame tube is machined with 93 °outer circle machine with two parts of thick and fine machining. as shown in figure 4 . In the third and fourth steps, the longitudinal grooves of the parts are cut longitudinally with the forming tool, and then the profile of the longitudinal grooves is finished by copying the longitudinal grooves. In order to meet the requirement of dimension, 8 longitudinal grooves with conical surface are programmed and measured, and then measured by template and R gauge after machining [4] [5] , as shown in figure 5 . In the actual production process, because of the thin wall of the workpiece, the longitudinal groove of the cone faces is machined, and the longitudinal cutting is done by the form lathe tool. There are serious problems such as serious tool wear, short service life, vibration and noise. In cutting a workpiece must be replaced more than 6 times of the tool, which greatly affect the production efficiency. The frequent adjustment of cutting tools will result in large economic losses if the workpiece waste products are produced. Therefore, we need to find new ways to solve the above problems.
Process Improvement
Through exploring and trying to improve the cutting route, the wear of the forming turning tool and tool replacement are reduced as far as possible without changing the cutting tool, and a new cutting route is created.
Improvement of the Cutting Route
When using 93ºouter circle machine clamping tool, considering that 93 °outer circle machine clamp tool is more rigid than forming tool, the maximum arrangement should be made to remove more spare parts in this sequence processing route arrangement. In this paper, the computer aided software, such as AUTO CAD, is used to dealing with the interference between the deviation angle of the cutter and the longitudinal groove wall to forming the best route for the tool, as shown in figure 6 .
When using the forming tool, the residual allowance part on both sides of the longitudinal groove wall is mainly processed, and then the copying machining is carried out, as shown in figure 7. After adopting the above improved scheme, it has been processed and tested experimentally. The indexes meet the design requirements. 
Comparison of Two Kinds of Cutting Routes
By comparing the two kinds of cutting routes, the production efficiency of machining longitudinal grooves with 93ºouter circle machine clamping tool is higher than that of forming turning tool, and the turning time to process a flame tube is improved from 5 hours to 4 hours. The improved processing time is obviously shortened.
The cost of cutting tool is reduced, and the front processing longitudinal groove needs to be formed with more than 6 tools for changing tool, and the cost of one pentagon shaped blade is 30 yuan. The copying machining of 93ºouter circle machine clamping tool used in the improved longitudinal groove needs to replace the blade two times, and a 35ºdiamond blade can be machined in four different positions. The cost of the blade is 18 yuan, and the cost of this order is 18*0.5=9 yuan. It is necessary to change the cutting tool twice for machining the residual allowance part of the longitudinal groove wall with the forming tool, the cost of which is 30*0.4=12 yuan, and the cost of machining a flame tube after the improvement is 9+12=21 yuan.
The number of tools in the improved scheme remains the same, and the cost of cutting tools is reduced, which reduces the processing cost of the flame-tube. The improved and finished product is shown in figure 8 . 
Conclusion
In view of the problems encountered in the actual process of the flame tube with a wall thickness of 5 mm, the existing technological route is improved on the cutting path, which reduces the number of tool changing, improves the production efficiency and reduces the production cost. With the development of modern manufacturing technology, the process of heavy gas turbine flame-tube parts will be further improved.
